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STUDY PROGRAM TO IMPROVE FUEL CELL 

PERFORMANCE B Y  PULSING TECHNIQUES 

by M. L. Kronenberg and K. V. Kordesch 

ABSTRACT 

This investigation was concerned with the effect of the rnodirication 

of the gas-electrolyte interface on the performance of fuel cell electrodes. 

Modification of the interface was accomplished by subjecting the porous 

electrodes to electrical and mechanical pulses a t  subsonic and sonic f re -  

quencies. 

tigation. 

Hydrophobic and hydrophilic electrodes were used in this inves- 

1.0 SUMMARY 

This investigation was concerned with the effect of the modification 

of the gas - electrolyte interface on the performance of fuel cell electrodes. 

Modification of the interface was accomplished by subjecting the porous 

electrodes to electrical and mechanical pulses a t  subsonic and sonic f re-  

quencies. Three types of fuel cells were studied: carbon, metal, and a 

thin- composite electrode employing an electrochemically active carbon 

zone on a porous metal backing material. 

Low frequency (0-450 cpm), high amplitude (9 - 24 psia) electrolyte 

pulses occasionally produced small changes in the performance of all  three 

types of electrodes. 

development of the three-phase reaction zone (positive effect) o r  accelerated 

wetting (negative effect). 

ization at high pulsing amplitudes. 

quencies had a negligible effect on performance. 

These changes were attributed to an accelerated 

Metal anodes normally showed increased polar- 

Pulsing of the electrolyte a t  sonic f re -  

Fuel cell performance on all three types of electrodes was not 

affected by electrode vibration tests conducted at  frequencies ranging 

from 20 to 300 cps. 

- 1- 
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Four different modes of electrical pulsing were investigated: inter- 

rupted d. c. ; a. c. superimposed on d. c. ; charge-discharge cycling; and 

heavy discharge pulsing. 

trode life o r  performance but very significant effects were observed with 

heavy discharge pulsing. 

as much as 100 mv by the periodic application of short discharge pulses 

(e. g. 2-second pulses of a current density of 500 ma/cm2 every few minutes). 

These improvements may be related to catalyst reactivation. 

discharge type pulsing will be investigated in more detail in the future, 

especially since it became apparent that even pulses applied only once a 

day showed improvements. 

The first  three had no significant effect on elec- 

In certain instances polarization was reduced by 

This heavy- 

2. 0 INTRODUCTION 

Power density avaiiabie from a fuei ceii is limited by a iarge number 

of factors. 

of these limiting factors is  sensitive to pulsed operation and to determine 

whether some mode of pulsed operation could be used to increase power 

output o r  extend the useful life of fuel cells. 

The purpose of this investigation was to consider which, i f  any, 

One possible limitation is high activation polarization, resulting from 

catalyst ineffectiveness. 

catalyst choice, deterioration of catalyst activity with usage, o r  an inadequate 

electrochemical surface area. Under certain conditions catalyst activity 

could be restored and active surface a rea  increased by electrical and/or 

mechanical pulsing. 

ating in a reducing atmosphere, the periodic reoxidation of the catalyst 

by chemical o r  electrical means could serve to reactivate the catalyst. 

mechanical pulsing of the gas  or  electrolyte phase could periodically expose 

fresh catalyst surface o r  additional three-phase reaction sites. 

the electrochemically useful a rea  in this way would aid even poorly catalyzed 

electrodes. 

Such a condition may result from a basically poor 

If, for example, the active catalyst is an oxide oper- 

Also, 

Increasing 

A second basic limitation to power density is concentration polariza- 

This phenomenon results from the depletion (or  accumulation) of ions tion. 

at a rate  in excess of the diffusion rate of ions into the electrolyte. It is 

-2 -  



well known that such polarization can be reduced by mechanical stirring, a s  

is practiced in electroplating, for  example. 

be  introduced by periodic disturbance of the fuel cell electrolyte/electrode 

interface by means of large amplitude and low frequency pulses. On the 

other hand, too high frequency pulses introducing only oscillations in the 

electrolyte of an amplitude small when compared to the dimensions of the 

electrode micropores, would have no appreciable effect on concentration 

polarization. 

be considered a fairly "high" frequency. 

Such agitation could, in principle, 

In this context, even 60-cycle/sec. pulsing would have to 

A closely related phenomenon occurs when a reactant gas is being 

consumed more rapidly than it can diffuse through the electrode to the zone 

of electrochemical reaction. For pure gas  reactants, such a s  hydrogen and 

oxygen, mis current densit-y limit set ? ~ f  gsseoas diffuaicn =cccrs at current 
density values fa r  in excess of normal operating levels (equivalent to thou- 

sands of amperes per square foot). 

such a s  a i r ,  a high concentration polarization due to reactant (oxygen) deple- 

tion can occur-the result of build-up of an inert  blocking layer of nitrogen. 

In this case,  pulsing of the fuel cell should have beneficial results. 

.. . 

In operation with impure reactants, 

One inescapable limitation on power density is the internal ohmic 

resistance; this should be insensitive to pulsed operation, except for the 

usually small portion of the total resistance due to contacts. (Vibration can 

sometimes lower the resistance of a poor contact or  remove gas bubbles 

from the interface. ) 

Summarizing the foregoing discussion, there were reasons to believe 

that pulsed operation of a fuel cell could produce major changes in useful 

current  or  voltage for electrode systems showing high activation o r  concen- 

tration polarization. 

Pulsing effects were studied on three types of fuel cell electrodes: 

carbon, metal, and a thin, composite electrode employing an electrochem- 

ically active carbon zone on a porous metal substrate. This permitted the 
results to be obtained on three quite dissimilar electrode surfaces and 

broadened the generality of any conclusions arrived at  in the study. 

experimental design involving three electrode types and three modes of 

The 

- 3 -  
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pulsing (mechanical, sonic and electrical). The observed variable was 

normally the polarization curve. Controlled variables included, among 

others, the intensity and frequency of pulsing. However, in certain inRtancee 

it was more  appropriate to maintain the cell at constant current and observe 

the effect on the cell voltage, and of changing the frequency o r  intensity of 

the pulse. 

Pulsed cells and unpulsed control cells were placed on long-term 

life tests for the instrumentally simple case of electrical pulsing to look for 

possible long-term o r  accumulative effects. 

3.0 MEETINGS AND CONFERENCES 

1)  G. E. Evans, K. V. Kordesch, and M. L. Kronenberg met with 
Y. 2.  Nagle, Project Supervisor from NASA on 24 June, 1963 to discuss 

the scope and program of the contract. it was agreed that initial studies 

would involve the application of mechanical and electrical pulses that could 

change the position of the gas-electrolyte interface within the electrodes. 

2 )  G. E. Evans, K. V. Kordesch, and M. L. Kronenberg of Union 

Carbide met with E. M. Cohen, R. L. Cummings, H. S .  Schwartz and 

W. J. Nagle of NASA at  Union Carbide Parma Research Laboratory on 

16 December, 1963 to discuss the progress and scope of the contract. The 

meeting was continued on the following day with Prof. T. J. Gray of Alfred 

University and several other members of the NASA staff also present. The 

purpose of this second meeting was to provide an opportunity for a f ree  

exchange of ideas between Prof. Gray (who is investigating pulsing a t  porous 

electrodes) and members of Union Carbide and NASA who a r e  interested in 

pulsing studies on porous electrodes. 

3) On 13 February, 1964, K. V. Kordesch and M. L. Kronenberg 

of Union Carbide visited the laboratories of Prof. T. J. Gray at  Alfred 

University. 

metal electrodes and to help determine whether this type of electrode would 

be a suitable hydrophilic electrode for pulse testing. 

The purpose of the visit was to observe Gray's preparation of 
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4.0  FACTUAL DATA 

4. 1 Mechanical Motion of Electrolyte 

4. 1. 1 Test Equipment 

A drawing of the cell which was designed and built for subsonic elec- 

trolyte pulsing is shown in Figure 1. The cell was initially made of Teflon 

but la ter  remade of clear polystyrene to permit observation of electrodes 

during assembly. 

readings, and reference electrode. 

and gas room is shown in Figure 2. 

and cell housing prevents the electrolyte f rom penetrating around the electrode. 

Accesses to the electrolyte room a re  for filling, pressure 

A drawing of the stainless steel holders 

An O-ring gasket between the electrode 

For electrolyte pulsing in  the subsonic range, a 1/ 8-h. p. motor with 

a gear box for varying speeds was coupled with a piston over an eccentric 

cam arrangement to provide controlled amplitudes and frequencies. 

Electrolyte pulsations f r o m  0 to 450 cycles/minute at amplitudes high enough 

to displace liquids throughout the total electrode thickness was provided by 

the system shown in  Figure 3. The pressure on the electrolyte was varied 

f rom 9 to 24 psi. The pressure fluctuations were measured with a Marsh pres-  

sure gage (stainless steel Bourdon tube). 

4. 1.2 Experimental Results 

The normal procedure was to  run a polarization curve before pulsing, 
followed by the pulsing experiment performed under constant current condi- 

tions, and a polarization curve after pulsing. 

of pulsing on 1/4-inch and 0.045-inch anodes and cathodes a t  a constant cur-  

rent of 40 ma/cmZ for pulsing frequencies scanning the range of 0 to 340 cpm. 

Figures 6 and 7 show similar curves for  a metal anode and cathode* at a con- 

stant current of 15 ma/cm2 over the same pulsing frequencies. 

readings a re  resistance-free values taken with a 60-cycle interrupter. Unless 

specified, the anode fuel is hydrogen and the cathodic fuel i s  oxygen. The 

Figures 4 and 5 show the effect 

The voltage 

* The 1/4-inch all-carbon, and thin composite (carbon-metal) electrodes 
were supplied by Union Carbide Corporation, Development Department, for 
tes t  purposes. 
dual-porosity Ni  sheet f rom SKC Associates made with 4970 voids, 0.259 inch 
in thickness and catalyzed as  follows: ( 1 )  soak in 2% PtCl4-270 PdClz for 
half-an-hour; (2)  plate for  6 minutes at 25 ma/cmz; (3) reduce in 10% hydrazine 
s o h .  ; (4) wash copiously and dry. (This is a slight modification of the pro- 
cedure recommended by Prof .  Gray .  ) 

The metal electrodes reported herein were prepared f r o m  
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data presented in F i g s  4 and 5 for  all-carbon electrodes and composite elec- 

trodes were reproducible, while results on metal electrodes were not con- 

sistent. The two readings given at 0 cpm represent measurements before 

and after pulsing. 12-Normal KOH was used in all experiments. 

Figures 8 through 10 show resistance-included polarization curves 

taken before, during, and after pulsing on 1/4-inch carbon electrodes at 

two pressure amplitude settings. Figures 11 and 12 show oscilloscope 

t races  of anode - r eferenc e potential fluctuations and cathode- reference 

potential changes during pulsing. The vertical scale is 5 mv/cm, sweep 

time 2 sec. /cm, and the pump speed 55 cpm. 

observed during a pump cycle amounted to less  than 2 mv. 

observed in the anodic potential in this and several other instances, but not 

in the cathodic potential. 

The voltage variations 

Drifting was 

All data pertinent to mechanical pulsing of the electrolyte a r e  tabulated 

in Table I. 

carbon and composite electrodes, and 10 and 15 ma/cm2 for metal electrodes. 

The far-right columns show the changes in electrode potential that resulted 

from the pulsing, i. e. , the mv difference between initial potential and 

potential during and after pulsing. 

performance for both anodes and cathodes. 

The results were obtained at a current density of 40 ma/cmz for 

A positive difference denotes improved 

On the basis of the data obtained (Figs. 4 through 12, Table I), the 

following conclusions were reached: 

(1) Only relatively small effects were observed (normally several 

mv o r  l e s s )  from electrolyte pulsing on carbon and composite electrodes 

under the conditions described. 

( 2 )  Polarization of anodes normally increases during pulsing. This 

appears to be especially true for  metal anodes at high pulsing amplitudes. 

(3) Only relatively minor beneficial effects were occasionally noted 
from pulsing. 

development of a 3-phase zone. 

performance immediately upon starting up but require a "breaking-in" period 

which may be accelerated by pulsing. 

An explanation for this effect is the acceleration of the 

Electrodes do not normally reach optimum 
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MECHANICAL PULSING DATA FOR ELECTROLYTE 
4 ., 

Pulsing Pressure 
Speed Range Potential (volts) Potential Change( mv ) 

Electrode ( C P d  ( p s i 4  Initial During After During After 
1 /4'* Anode-Carbon 56 13-23 0.475 0.477 0.484 -2 -9 
(40 ma/cm2) 112 13-22 0.475 0.482 0.484 -7 -9 

170 11-21 0.475 0.483 0.484 -8 -9 
243 10- 23 0.475 0.484 0.484 -9 -9 
341 9-24 0.475 0.484 0.484 -9 -9 

1 /4** Cathode-Carbon 56 13-23 1.324 1.320 1.340 -4 +16 
(40 ma/cm2) 112 13-22 1.324 1.323 1.340 - 1  +16 

170 11-21 1.324 1.325 1.340 +1 +16 
243 10-23 1.324 1.325 1.340 +1  +16 
34 1 9-24 1.324 1.326 1.340 +2 +16 

1/4" Cathode-Carbon 56 12- 19 1.273 1.277 1.277 +4 +4 
(Air, 40 ma/cm2) 112 11-21 1.273 1.277 1.277 +4 +4 

170 ii-23 i.273 i.278 1.277 +5  t-4 
243 10-23 1.273 1.279 1.277 +6 +4 
341 10-23 1.273 1.279 1.277 +6 +4 

Anode - Composite 56 13-22 0. 513 0.517 0,527 -4 - 14 
(40 ma/cm2) 112 12-22 0.513 0.519 0.527 -6 - 14 

170 12-22 0.513 0.521 0.527 -8 - 14 
243 11-23 0. 513 0.522 0,527 -9 - 14 
341 11-23 0.513 0.522 0.527 -9 - 14 

Cathode-Com osite 56 13-22 1.327 1.324 1.330 -3 +3 

170 12-22 1.327 1.329 1.330 +2 +3 
243 11-23 1.327 1.330 1.330 +3 +3 
341 11-23 1.327 1.331 1.330 +4 +3 

(40 ma/cm P ) 112 12-22 1.327 1.327 1.330 0 +3 

Cathode -Composite 56 13-22 1.285 1.284 1.275 - 1  - 10 
(Air, 40 ma/cmz) 112 12-22 1.285 1.284 1.275 - 1  -10 

170 12-22 1.285 1.283 1.275 -2 -10 
243 11-23 1.285 1.282 1.275 -3 -10 
34 1 11-23 1.285 1.282 1.275 -3 -10 

Anode - Metal 56 11-18 0.469 0.470 0.471 - 1  -2 
(10 ma/cmz) 112 11-18 0.469 0.471 0.471 -2 -2 

170 10-18 0.469 0.471 0.471 -2 -2 
243 10- 18 0.469 0.476 0.471 -7 -2 
34 1 9-22 0.469 0.479 0.471 -10 -2 
450 9-22 0.469 0.478 0.471 -9 -2 

Cathode - Metal 56 11- 18 1.384 1.384 1. 386 0 +2 
(1 O ma/cm2) 112 11 -  18 1.384 1.385 1.386 +I  +2 

170 10-18 1.384 1.386 1.386 +2 +2 
243 10-18 1.384 1.386 1.386 +2 +2 
34 1 9-22 1.384 1.387 1.386 +3 +2 
450 9-22 1.384 1.387 1.386 +3 ' +2 

(Continued) 
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TABLE I 
(Continued ) 

~ 

Pulsing Pressure  
Speed Rang e Potential (volts) Potential Change(mv) 

Electrode ( c p d  (ps ia) Initial Uuring Af t e r  During After 

Anode - Metal  
(15 ma/cm') 

Cathode - Metal 
(15 ma/cm2) 

Anode - Metal 
{ I  5 ma/cm2) 

Cathode - Metal 
(15 ma/cmz) 

56 
112 
170 
243 
341 

56 
112 
170 
243 
34 1 

56 
112 
170 
243 
34 1 

56 
112 
170 
243 
341 

12- 18 
12- 19 
11- 19 
11-20 
10-21 

12-18 
12- 19 
11- 19 
11-20 
10-21 

14- 17 
14- 17 
14- 18 
14- 18 
13- 18 

14- 17 
14- 17 
14- 18 
14- 18 
13- 18 

0. 501 0.496 
0. 501 0. 506 
0. 501 0.513 
0. 501 0. 525 
0. 501 0.555 

1. 358 1.342 
1.358 1. 348 
1.358 1.349 
1. 358 1.353 
1. 358 1. 357 

0. 51 1 0.496 
0. 51  1 0.496 
0. 511 0.496 
0. 511 0. 504 
0.511 0.510 

1.351 1.362 
1. 351 1.356 
1.351 1.358 
1.351 1.358 
1. 351 1. 358 

0.494 +5 
0.494 - 5  
0.494 -13 
0.494 -24 
0.494 -54 

1. 343 -16 
1.343 - 1 0  
1.343 -9 
1.343 - 5  
1.343 -1  

0. 511 +16 
0.511 +16 
0.511 +16 
0. 511 +7 
0.511 +1 

1. 353 +11 
1.353 +5 
1.353 +7 
1.353 +7 
1.353 +7 

+7 
+7 
+7 
+7 
+7 

- 15 
-15 - 15 
-15 
- 15 

0 
0 
0 
0 
0 

+2 
+2 
+2 
+2 
+2 

4. 2 Mechanical Motion of Electrodes. 

4. 2. 1 Test Equipment. 

Vibration tests were conducted on all three types of electrodes in three 

different ways: 1) by coupling the plunger of a continuous-duty solonoid directly 

to the electrode backing plate and driving the system at 60 cycles, controlling 

the input power by means of a Variac; 2)  by mounting on a light vibration table 

and vibrating the complete cell at several different amplitudes in the range 

of 20 to 200 cps by means of a signal generator and power amplifier; 3) by 
mounting the cell on a support coupled to a compressed-air vibrator 

operates over the range 160-300 cps. 

* 
which 

4. 2. 2 Experimental Results. 

In the course of determining vibration effects, polarization curves 

were taken before, during and after vibration, as in Figs. 13 and 14. 

tions of the vibration amplitude (adjusted by Variac setting) a t  constant current 

V a r i a -  

* CV- 19 Vibralator, Martin Engineering Go. , Neponset, Illinois. 

- 8-  



and constant frequency are shown in Figs. 15(IR-free) and 16(IR-included). 

Changes in the vibration frequency at constant amplitude and constant cur- 

rent are presented in Fig. 17. 

It is apparent f rom Figs. 13 - 17 that the electrodes are virtually 

insensitive to vibrations because in no instance did the resistance-free or  

resistance-included cell voltages change by more than several millivolts 

for the 1/4-inch, the thin-composite, o r  the metal electrodes over these 

frequency rang e s . 
4. 3 Sonic Pulsing. 

4. 3. 1 Test EquiDment 

Equipment for pulsing the electrolyte at sonic frequencies is shown 

in Fig. 18. A diaphragm at the bottom of the Teflon cell (1) is vibrated by 

means of an audio-driver tinit (2).  A signal generator (3)  and amplifier (4) 

provide frequency-controlled power to the driver unit. The pressure iiuc- 

tuations a r e  sensed by a Bourdon tube-transducer combination (5) which is 

controlled by another signal generator (6). Pressure  fluctuations are read 

on the oscilloscope ( 7 )  as voltage readings. 

enough to follow pressure fluctuations at high frequencies, therefore, 

experimental verification of electrolyte pulsing at sonic frequencies was 

obtained by means of a crystal pickup. 

The transducer was not fast 

4. 3.2 Experimental Results. 

Tests were run a t  frequencies ranging from 20  to 20, 000 cps at two 

amplitude settings (40 and 80, 20 D B )  on all three types of electrodes. 

tests were run (as shown in Fig. 19) at several constant current densities 

and the frequency was scanned over the sonic range. 

age  resulted from pulsing Over the entire range. 

voltage measurement was 0. 001 volt. 

The 

No change in cell volt- 

The sensitivity of the 

4. 4 Electrical Pulsing. 

4.4. 1 Test Equipment. 

Fuel cell electrodes were run under four different conditions: inter- 

rupted d. c. ; a. c. superimposed on d. c. ; charge-discharge cycling; and 

heavy discharge pulsing. 

-9 -  
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4.4. 1. 1 Interrupted D. C. 

The low frequency-interrupted d. c. was obtained using the 

variable rate t imer switch shown in Fig. 20. 

switching from 1 second to 10 minutee. 

lished by means of a Kordesch-Marko interrupter . 
obtain interrupted d. c. at sonic frequencies is shown in Fig. 21. The 

magnitude aml wave form of the resulting current, as shown in Fig. 22, 

was obtained by feeding the voltage across  a 1-ohm precision resistor 

into a Tektronix 535A Oscilloscope. 

This device permitted on-off 

Sixty-cycle pulsing was accomp- 
t 

The circuit used to 

4.4. 1.2 A. C. Superimposed on D. C .  

The circuit used to produce a. c. superimposed in the range 

of 20 to 20,000 cycles per second is shown in Fig. 23. A Hewlett-Packard 

201-B sine wave signai generator w a s  used and the current wave form and 

frequencies were observed with a Tektronix 535-A Oscilloscope. The wave 

form for 50 ma d. c. with superimposed a. c. of 10 ma at 1000 cps is shown 

in Fig. 24 as an example of the wave form observed. 

4.4. 1. 3 Charge-Discharee Cycling. 

Charge-discharge cycling was accomplished by using the var-  

iable rate t imer described in Section 4.4. 1. 1 above. 

4.4. 1. 4 Heavy-Discharge Pulsing. 

The block diagram of a specially designed pulsing instrument 

is shown in Fig. 25. This instrument wil l  provide controlled heavy-discharge 

pulses up to 4 amps from 0 .2  to 5 seconds duration and low current pulses up 

to 0. 5 amps of 1 second to 15 minutes duration. 

an open circuit of 1 o r  2 seconds duration to follow the heavy pulse. 

instrument can be used for resistance-free o r  resistance-included measurements. 

The system also permits 

The 

4. 4. 2 Experimental Results. 

Results of interrupted d. c. and charge-discharge cycling experiments 
A control cell for  the three types of electrodes are  summarized in Table 11. 

run with continuous d. c. was  run at the same time as each test cell on pulsed 

d. c. Only one result is given for  long-term testing of metal electrodes because 

* A d  escription of the 60-cycle Kordesch-Marko interrupter can be found in 
J. Electrochem. SOC., Vol. 107, pp480-483, June 1960. 
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metal electrodes did not, in general, maintain constant cell voltages. 

experimental conditions a r e  tabulated in the left-hand columns and the changes 

in potential between the initial and final test  day for the control and test  cells 

a r e  given in the far right-hand columns. 

the average voltage changes agreed within 1 millivolt. 

electrodes the voltage changes for the pulsed electrodes average 20 mv lower 

than for  the control cells. This observed difference, however, is still within 

the standard deviation of test  results, indicating that this type of electrical 

pulsing had no significant effect. 

The 

F o r  I /  4-inch carbon electrodes 

For  thin, composite 

Metal electrodes were subjected to short-term interrupted d. c. testing 

by maintaining the cell at constant current while scanning the frequency in 

the sonic range (circuit shown in Fig. 21). 

at two current levels a r e  shown in  Fig. 26. Here it can be seen that the 

frequency of the inieirupted d. C.  h a d  0 significant effect 011 the cell 

voltage. 

The results of these experiments 

In experiments involving a. c. superimposed on d. c. for 1/4-inch 

carbon electrodes, the cell voltage held constant at 0. 873 volt (IR-free) at 
currents of 50 ma d. c . ,  10 ma a. c. ; and 50 ma d. c . ,  25 ma a. c.; while the 

frequency of the a. c. component w a s  varied from 20 to 20,000 cps. At 100 

ma d. c. , 10 ma a. c. and 100 ma d. c. , 25 ma a. c. the voltage held at  0. 782 

(IR-free) while the frequency of the a. c. component was  varied over the 

same range. 

these also did not vary even 1 mv over the frequency ranges noted above. 

Thin, composite and metal electrodes showed the same potential invariance 

with frequency. 

was greater than the d. c. level (e. g . ,  20 ma d. c . ,  50 ma a. c. ), there were 

no clear  effects on the cell voltage except small improvements due to heating 

caused by the capacitive current flow. 

The experiments were  repeated for IR-included potentials and 

Even in cases where the peak value of the superimposed a. c. 

It was noted by K. V.  Kordesch of our laboratory that in certain 

instances a short, heavy discharge pulse improved the performance level 

of electrodes significantly above that obtained by continuous discharge. 

effect can best  be described by reference to experimental data as shown in 

Fig. 27. 

current density is 350 ma/cm2. 

and 2000 mv full scale. 

The 

The cell discharge current density is 75 ma/cm2 and the heavy pulse 

The recorder here  was set a t  zero center 

Each cycle  represents approximately 2 minutes, 
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including the 2-second heavy discharge pulse. At point "A" the cell voltage 

is 0. 8 volt and decays to 0.76 volt under the 75 ma/cm2 load after about 

two minutes (point "B"). The 2-second heavy discharge pulse drives the 

cell voltage to approximately -0 .  5 volt (point " C 1 ' )  after which the cell voltage 

recovers to 0.80 volt (point "D"), or  40 mv higher than before the heavy- 

pulse discharge. 

repetitious pulsing. The cell voltage later decreased to a failure point when 

left on continuous load. 

This phenomenon was observed over many hours with 

In Figure 28, an even greater effect of heavy discharge pulsing is 

shown on another cell. After the 1-second heavy discharge pulse (500 ma/cmz) 

the cell voltage recovered 100 mv higher than it left off with (normal load 

150 ma/cm2, recorder set at 1000 mv full scale). At point "A" the normal 

discharge was continued for two hours without heavy discharge pulsing. The 

cell voltage decreased to  0. 53 volt then recovered to an average of 0 . 6 8  volt 

when pulsing was resumed. Figure 29 pictures several hours of data from 

the same cell run at  100 ma/cm2 and maintained at an average potential of 

0 .76  volt by heavy discharge pulsing. The recorder paper speed is 2 inches/hour. 

Preliminary results obtained on Pd, Pt,  and Rh catalyzed composite 
electrodes showing improvements a r e  summarized in Table 111. The pulse 

repetition rate was one pulse every three minutes (except where specified). 

TABLE I11 

HEAVY DISCHARGE PULSING DATA FOR COMPOSITE ELECTRODES 

Current Polarization(mv) Pulse 
Density Before After D uration Intensity 

Catalyst Electrode (ma/cmz) Pulse Pulse (sec. ) c . D. (ma/cmz) Polarization 

Pd  Anode 20 122 103 1. 0 9 00 1006 

Pd Anode 30 168 157 1.0 9 00 1016 

Pd  Cathode 50 70 60 2. 5 2000 250 

Pd  Cathode 100 80 70 2. 5 2000 2 50 

P t  Anode 25 230 212 1. 0 500 1400 

Pt Anode 25 350 2 a4 1. 0 400 1400 

Pt Cathode 25 50 40 1. 0 2000 260 

Rh Cathode 

* 

25 2 2  17 2. 5 2000 455 ** 

* Anode was left on steady current and allowed to deteriorate to the specified polarization 
before applyf ng pulse. 

ser ies  of experiments. 
** No improvement was noted on rhodium catalyzed anodes as a result of pulsing in two 
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The fourth main column giving the electrode polarization (OCV as 

reference) before and af ter  the  applied pulse indicates the extent of the 

improvement that resulted f rom the applied pulse. The intensity of the 

pulse expressed in te rms  of current density and electrode polarization i s  

given in the far-right column. 

F r o m  Table I.U, on the basis of this preliminary data it may be con- 

cluded that electrical pulsing affects differently catalyzed electrodes in a 

different way. 

It is believed that improvements resulting from heavy discharge 

pulsing may be related to catalyst reactivation. 

will continue to be investigated. 

Heavy discharge pulsing 
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